The study evaluated the effect of commercial grade pure glycerol (PG) and, crude glycerol (CG) which was obtained during biodiesel production on rumen fermentation kinetics in vitro. Glycerol purity of both the sources was 99.9% and confirmed with GC-MS. CG was little alkaline with 7.11 pH and consisted total tannins, alkaloids and flavonoids 24.09±3.21, 16.63±3.97 and 20.52±4.11µg/ml, respectively than PG. In vitro fermentation kinetics (IVFK) and substrate utilization by rumen microbes was studied by applying first order kinetics to in vitro gas production (IVGP) technique. Substrate having roughage to concentrate ratio of 60:40 was used without glycerol fortification (control) or fortified with10% PG or CG. Total gas production (TGP) was significantly (P<0.01) increased in PG or CG compared to control. Lag time in CG was more (P<0.05) than PG due to presence of impurities. Substrate IVDMD and IVNDFD were comparable between PG and CG. IVTVFA was significantly (P<0.01) increased in PG or CG than control. Metabolizable energy (ME) value of the substrate was improved by 27 and 32% respectively, in PG or CG compared to control. Study concluded that IVFK and substrate utilization between commercial or crude glycerol was comparable. Based on improved TVFA concentration and ME value, CG or PG could be fortified to dairy ration to enhance substrate fermentation and energy yield.
Dairy animals require alternative feed resources to replace the cereals and cereal by-products apart from addressing chronic feed resource deficiency in the country (Dikshit and Birthal, 2010) . Crude glycerol (CG) obtained during biodiesel production can be an alternative energy supplement for livestock (Posada et al., 2012) . India is annually producing around 135 million liters of biodiesel and 2,219 million liters of bioethanol from which 10% glycerol is available as byproduct. Unlike commercial grade pure glycerol (PG), CG may contain impurities like catalysts, salts, fatty acids and some seed based secondary plant metabolites depending on source of non-edible oils used in the production of biodiesel e.g., Pongamia, Jatropha, Neem etc. Glycerol is a sugar alcohol and highly soluble in water. Use of PG as an energy source in transition animals to cure ketosis is common practice. Glycerol fed to the animals gets absorbed by passive diffusion and a readily available source of energy. Few studies utilized PG as an energy source but not CG, in livestock feed and found safe up to 15 % in ruminants and 10% in monogastric animals (EFSA, 2010) . This study was aimed to compare the quality of CG with PG and, evaluating substrate fermentation, utilization and metabolizable energy (ME) value in vitro when they were fortified to straw based diets. PG of 99.99% purity was purchased from M/s Thomas Bakers, Mumbai. CG was separated from biodiesel produced using Pongamia seed oil and purity was only 65%. It was purified to commercial level by 2 stage process consisted of acidification with strong acid followed by neutralizing with strong base. One ml of purified CG was diluted in water, dried completely under nitrogen and derivatized using MoX reagent and BSTFA:TMCS. A sample of 0.5 µl was directly injected without dilution and ionized by electron impact ionization (EI) using GC (Trace GC ultra, M/s Thermo Scientific, India) coupled with DCQII mass spectrometer. The GC was fitted with a DB-5 column (30m L x 0.25mm ID x 0.25um film thickness; M/s Apex Scientific, Ireland). Carrier gas used was Helium at the flow rate of 1 mL/min. Injection port temperature and split ratio were set at 280 ºC and 1:40, respectively. The oven temperature was programmed from 40 to 280 ºC at the rate of 10 ºC/min and held at the final temperature for https://doi.org/10.33785/IJDS.2019.v72i04.014 5 min. The glycerol concentration in the sample was calculated using glycerol standard (Fig 1) . Glycerol in the samples in duplicates was identified based on mass scan range 30 to 600 m/ Z and referred to NIST mass spectral library for glycerol (221215_glycerol#1670) at retention time of 13.21 (Fig 2) . Both types of glycerol in triplicates were analysed for pH, alkalinity (IUPAC, 1982) and total ash (AOAC, 2012) and secondary plant metabolites. Total tannins estimated by Folin-Ciocalteau method. Total alkaloids were estimated using atrophine as reference standard. Total flavonoids by the aluminum chloride colorimetric assay (Mythili et al., 2014) .
Mixed substrate consisted of 60% mixed dried grass as roughage and 40% concentrate supplement (CS) was taken as basal substrate without glycerol fortification (control) or fortified by 10% PG or CG as test groups for inter se comparison and comparison with control. Chemical composition of the ground and dried substrate was 91.40, 10.71, 2.33, 60.15 and 18.72%, organic matter, crude protein, crude fat, fibrous and non fibrous carbohydrates, respectively. In vitro fermentation kinetics (IVFK) was studied by in vitro gas production technique (IVGP) using 100 mL glass syringes in 15 replicates each for control, PG and CG (Lokesha et al., 2017) . IVGP in syringes was recorded at different intervals till 72 h of incubation and values were adjusted to blank (Lokesha et al., 2017) . Blank corrected IVGP values at different time intervals were fitted to the first order generalized Mitscherlich kinetic model with 2 rate constants (France et al., 1993) ;
where, Ymax was upper asymptote for total gas production, 'A' total gas produced (TGP) during incubation, 'k' and 'd' are rate constants of gas production, 'λ' was lag time during the initiation of gas production and adjusted to time 't'.
At the end of incubation, the glass syringes were filtered through muslin cloth. Filtrate was used for TVFA estimation (Barnett and Reid, 1956) . Unfermented substrate recovered was dried overnight in drought oven to constant weight and estimated IVDMD and IVNDFD as difference in the substrate before and after incubation in DM or NDF (AOAC, 2012). ME value was calculated from IVGP (Menke and Steingass, 1988) . IVGP at different intervals were analyzed using ANOVA model included the repeat measure. IVFK were subjected to completely randomized design and significance denoted by different alpha superscripts with probability ranging from 0.01 to 0.05 (SPSS V 14.0, M/s IBM India Pvt. Ltd.).
CG was alkaline and pH was 7.11 compared to neutral pH of PG. Chromatographic analysis of CG indicated 100% purity of the glycerol (Fig 1B) . Many of the non-edible oilseeds contain different categories of secondary plant metabolites which may siphons into oil or glycerol during oil extraction or transesterificaiton process. CG was harvested from the biodiesel produced by using Pongamia seed oil. CG contained some impurities like total tannins, alkaloids and flavonoids (P< 0.05) which were below toxic levels however; none of the secondary plant metabolites was traced in PG ( Table 1) . Effect of fortification of PG and CG on TGP is presented in the table 2. Lag time was higher in CG than control and PG thus, indicated time delay in fermentation due to impurities present in CG.TGP was significantly (P<0.01) increased in PG and CG than the control group. TGP between PG and CG was comparable and appears that the presence of tannins, alkaloids and flavonoids in CG had no adverse effect on rumen microbes in the inoculum. According to Oskoueian et al., (2013) , flavones may reduce the gas production but, such affect observed in the CG. TGP was significantly (P<0.01) increased with PG or CG fortification to substrate after 12h of incubation. TGP after 36 h in PG or CG was decreased and comparable to control group. Thus, glycerol fermentation appears to be completed in 24 h once the fermentation was accelerated at increased rate.
IVFK parameters Viz., T ½ , rate constant (k1 and k2) and fermentation rate were comparable between PG or CG but, significantly higher than control group. Significantly Increased (P< 0.01) Ymax with PG or CG fortification in the current study is consistent with our previous findings (Lokesha, et al., 2017) . Avila et al., (2011) also reported a linear increase in gas production when glycerol was added to alfalfa hay or as replacement to cereal grains, in vitro. IVDMD was comparable between the PG, CG and control group which was contrary to our previous findings (Lokesha et al., 2017) but, in agreement with Avila et al., (2011) . Any glycerol fortification to substrate significantly (P=0.03) increased the IVNDFD compared to control group. Increased NDFD observed was in consistent with the findings of Wang et al., (2009) who supplemented 3 different graded doses of glycerol daily at the dose of 100, 200 and 300 g/steer, observed maximum NDFD at 200 g/steer/d. Similarly, Lokesha et al., (2017) also reported improved IVNDFD with PG. Improved fiber digestibility could be due to easily fermentable energy availability from glycerol to microbes present in the inoculum.
IVTVFA was significantly (P<0.01) increased in either PG or CG than control group. Whereas, percentage increase in TVFA were comparable between PG or CG (81.38 vs 80.63 mmol/L). Values bearing different alpha superscripts in a row differ significantly:*P<0.05 and **P<0.01
Significantly higher IVTVFA on PG or CG indicated glycerol being glycogenic substance yielded 4.4 to 5.4% more TVFA than control group. ME value of the substrate was increased by 27 and 32%, respectively due to fortification by PG or CG. According to earlier studies, increased propionate (Wang et al., 2009; Avila et al., 2011; Benedeti et al., 2015) and also butyrate concentration in was reported (Trabue et al., 2007) . According to Avila et al., (2011) and Lee et al., (2011) , increased propionate curtailed the methane production thus, indicating the expected increase in energetic efficiency on glycerol supplementation (Donkin et al., 2008) .
Conclusions
Study concluded that the PG or CG chemical properties were comparable. CG compared to commercial glycerol contained residues of total tannins, alkaloids and flavonoids which delayed fermentation initiation but did not affect kinetic rate of gas production, half time or rate constant of substrate fermentation. Fermentation kinetics and substrate utilization in PG and CG was higher than control. Based on improved TVFA concentration and higher ME value, CG or PG could be fortified to dairy ration to enhance substrate fermentation and energy yield.
